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0929-6646/Copyright ª 2014, ElsevierBackground/Purpose: Expansive open-door laminoplasty (EOLP) is a useful technique for
multiple-level cervical spondylotic myelopathy. The common postoperative complications of
EOLP include moderate to severe neck pain, loss of cervical lordosis, decrease of cervical
range of motion, and C5 palsy. We modified the surgical technique to lessen these complica-
tions. This study is aimed to elucidate the efficacy of modified techniques to lessen the com-
plications of traditional procedures.
Methods: We collected data from 126 consecutive patients treated at our institution between
August 2008 and December 2012. Of these, 66 patients underwent conventional EOLP (CEOLP)
and the other 60 patients underwent modified EOLP (MEOLP). The demographic and preoper-
ative data, axial pain visual analog scale scores at 2 weeks and 3 months postoperatively, clin-
ical outcomes evaluated using Nurick score and Japanese Orthopedic Association recovery rate
at 12 months postoperatively, and radiographic results assessed using plain films at 3 months
and 12 months postoperatively for both groups were compared and analyzed.
Results: There were no significant differences regarding the preoperative condition between
the CEOLP and MEOLP groups (p > 0.05). The Japanese Orthopedic Association recovery rate
of the MEOLP group was 70.3%, comparable to the result of the other group (70.2%). Postoper-
ative axial neck pain, loss of range of motion, and loss of lordosis of cervical curvatureave no conflicts of interest relevant to this article.
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1226 K.-T. Yeh et al.decreased significantly in the MEOLP group (p < 0.05). The complications of temporary C5
nerve palsy found in the CEOLP group did not exist in the MEOLP group.
Conclusion: MEOLP is a minimally invasive surgical method to treat multiple-level cervical
spondylotic myelopathy, which decreases postoperative complications effectively.
Copyright ª 2014, Elsevier Taiwan LLC & Formosan Medical Association. All rights reserved.Introduction
The natural course of multiple-level cervical spondylotic
myelopathy (MCSM) is characterized by a slow, stepwise
decline in function. Without surgical intervention, only
30e50% of MCSM patients are expected to stabilize.1
Expansive open-door laminoplasty (EOLP) is a useful tech-
nique for enlarging the spinal canal area for spinal cord
decompression, by retaining the dorsal elements of the
cervical spine for support, and preventing invasion of the
postlaminectomy membrane.2 Previous research showed
that the use of titanium miniplates to augment the EOLP
procedure is efficient in treating MCSM.3 Several post-
operative complications of EOLP have been reported: axial
neck pain,4 loss of lordosis,5 4.7% mean incidence of C5
nerve palsy,6 loss of neck range of motion (ROM),7 and 34%
lamina closure in patients who received EOLP without
plates or spacers on the open sides.8 The incidence of
complications can be reduced either by reducing surgical
dissection or by encouraging early neck extension exercise.
The first part involves preserving the paraspinal muscula-
ture,9 repairing the semispinalis cervicis (SC) attached to
the C2 spinous process,10 preserving the C7 spinous pro-
cess,11 and decreasing the violation of the facet joint.12
The overall Japanese Orthopedic Association (JOA) re-
covery rate following EOLP is approximately 50%.13 In our
initial series of EOLP (conventional EOLP or CEOLP),
although we had comparable neurologic recovery out-
comes, similar complications were also observed.14
Approximately 50% of CEOLP patients presented moderate
to severe postoperative axial neck pain, and the mean loss
of neck ROM was 35%. To reduce the occurrence of these
complications, we implemented a modified EOLP (MEOLP)
procedure. This study was conducted to compare the sur-
gical results of CEOLP and MEOLP.Materials and methods
Study population
This retrospective study was conducted after receiving
approval from the Research Ethics Committee of Hualien
Tzu Chi Hospital, Buddhist Tzu Chi Medical Foundation
(IRB101-100), Hualien, Taiwan. We modified the CEOLP
procedures from April 2011. We collected the data of 66
consecutive cases that had undergone CEOLP from August
2008 to March 2011, and 60 consecutive cases that had
undergone MEOLP from April 2011 to December 2012. The
inclusion criteria were as follows: (1) positive myelopathic
signs and symptoms, such as increased tendon reflexes inthe extremities, clumsiness in the hands, and impaired toe-
to-heel tandem gait; and (2) C3e7 stenosis. The exclusion
criteria included the following: (1) existence of segmental
instability, local kyphosis, or major anterior pathology; (2)
a history of cervical spinal surgery; and (3) presence of
myelopathy caused by spinal cord injuries, tumors, or in-
fections. All 126 patients were diagnosed with MCSM based
on clinical symptoms and magnetic resonance imaging (MRI)
results, and had undergone surgery once. The follow-up
duration was at least 12 months.Surgical procedure
For CEOLP, the conventional laminoplasty technique used in
our study had been reported previously and is briefly
described here.14 The bilateral paraspinal musculatures
were dissected and gutters were created at the lam-
inofacet junctions. The C3e7 laminae were elevated and
then secured using five titanium miniplates. For the MEOLP,
after the unilateral paraspinal musculature was dissected
(Fig. 1A), we cut down the C3e6 spinous process to
approach to the other side with an angled saw (Fig. 1B).
Bilateral gutters were created medially without violating
the facet joints. C7 partial laminectomy was performed
(Fig. 1C), and C3e6 laminae were then elevated and
secured using four titanium miniplates. In both the pro-
cedures, the SC was carefully detached from the C2 spinous
process and then reattached using stout sutures. In the
modified procedure, the hinge-side SC was less detached.
Fig. 2 shows finished pictures of both procedures.Outcome measurement
The clinical and radiographic aspects of the surgical out-
comes are detailed as follows. The clinical outcomes were
assessed based on the JOA, Nurick, and visual analogue
scale (VAS) scores. We evaluated the JOA recovery rates at
12 months following surgery using the following formula:
(12-month JOA score - preoperative JOA scores)/(17 - pre-
operative JOA score)  100%. Axial neck pain was evaluated
based on the VAS scores at 2 weeks and 3 months following
surgery. Complications were also recorded.
The radiographic outcomes were evaluated based on the
Pavlov ratio (canalebody ratio), cervical curvature (i.e.,
the lordotic angle between the lower edge of C2 and the
upper edge of C7 at true lateral plain films), and ROM (i.e.,
the difference in the cervical curvature on maximal flex-
ioneextension lateral radiographical view). The loss rates
of cervical curvature and ROM were evaluated using the
following formulas:
Figure 1 (A, B) Unilateral approach for bilateral dissections with an angled saw. (C) C7 partial laminectomy (black arrow) instead
of laminoplasty for adequate decompression and nuchae muscle attachment preservation.
Figure 2 Intraoperative final pictures of (A) conventional and (B) modified expansive open-door laminoplasty. Lesser dissection is
noted in the picture of modified techniques.
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of lordosis, %) Z (preoperative cervical curvature -
postoperative cervical curvature)/(preoperative cervi-
cal curvature)  100%
Proportion of ROM loss (loss of ROM, %)Z (preoperative
ROM - postoperative ROM)/(preoperative ROM)  100%
Cervical plain X-rays (various views) were taken pre- and
postoperatively, and again at 3 months, 6 months, and 12
months following surgery. Changes in the Pavlov ratio,
cervical curvature, and ROM were measured independently
by two orthopedic doctors, using X-rays. MRI and computed
tomography were, respectively, performed at 12 months
and 6 months following surgery.
Comparative analysis
Data are presented as the mean  standard deviation. An
independent t test was used to analyze the difference be-
tween pre- and postoperative scores, as well as between
the CEOLP and MEOLP groups. Fisher’s exact test was used
to analyze the incidence of C5 palsy between the two
groups. A p value of <0.05 was considered statistically
significant.Results
The baseline characteristics of the two groups did not differ
significantly (Table 1). The mean operation time of CEOLP
was 105 minutes and that of MEOLP was 75 minutes. The
average blood loss volumes of CEOLP and MEOLP wereTable 1 Baseline characteristics and preoperative data of
the two groups.
Items CEOLP
(mean  SD)
(n Z 66)
MEOLP
(mean  SD)
(n Z 60)
t value p
Level of CSM 5 5 e e
Age (y) 61.2  12.3 60.6  11.6 0.237 0.813
Male (%) 71.2 70.0 0.032 0.904
Myelomalacia
(%)
33.3 26.7 0.713 0.514
Symptom
duration
time (mo)
14.6  15.0 11.6  11.9 0.985 0.327
JOA score 10.0  3.0 9.9  2.8 0.056 0.955
Nurick score 3.5  1.1 3.3  1.2 0.698 0.487
Neck VAS 5.0  2.1 4.9  1.3 0.252 0.801
Pavlov ratio 0.7  0.1 0.7  0.0 1.377 0.172
cervical
curvature
(degree)
10.9  8.9 14.0  10.7 1.498 0.137
ROM (degree) 25.0  12.4 23.2  10.2 0.709 0.480
CEOLP Z conventional expansive open-door laminoplasty;
CSM Z cervical spondylotic myelopathy; JOA Z Japanese Or-
thopedic Association; MEOLP Z modified expansive open-door
laminoplasty; ROM Z range of motion; SD Z standard devia-
tion; VAS Z visual analog scale.225 mL and 125 mL, respectively. The mean wound length
of MEOLP was 5.3 cm and that of CEOLP was 7.7 cm (Fig. 3).
Functional outcome
For the CEOLP group, the mean 12-month postoperative
JOA score, JOA recovery rate, and Nurick score were
14.6  2.4 (Table 2), 70  22%, and 1.3  1.5, respectively.
For the MEOLP group, the mean 12-month postoperative
JOA and Nurick scores were 14.6  2.3 and 1.3  1.5,
respectively, and the mean JOA recovery rate was
70%  20%. Both groups had favorable functional recovery.
Two weeks after surgery, the mean neck VAS scores were
6.4  1.2 and 5.5  1.0 for the CEOLP and MEOLP groups,
respectively (p < 0.05) (Table 2). Three months following
surgery, the mean neck VAS scores were 3.1  2.3 and
2.1  1.6 for the CEOLP and MEOLP groups, respectively
(p < 0.05). Postoperative axial neck pain significantly
decreased in the MEOLP group.
Radiographic outcome
On Day 1 following surgery, the Pavlov ratios were 1.1  0.1
and 1.1  0.1 in the CEOLP and MEOLP groups, respectively
(Table 3). At 12 months following surgery, these scores
were maintained in both groups, which were significantly
increased compared with the preoperative scores
(p < 0.05) and were nearly identical. At 3 months following
surgery, both cervical curvature and ROM had decreased
and were partially restored at 12 months following surgery
in both groups. The 12-month postoperative cervical cur-
vature was significantly more lordotic in the MEOLP group
than in the CEOLP group (p < 0.05). Loss of ROM was also
significantly less in the MEOLP group than in the CEOLP
group (p < 0.05). The 12-month postoperative MRI showed
lesser fibrosis of the right-side paraspinal muscles in the
MEOLP group than in the CEOLP group (Fig. 4). The 6-month
postoperative computed tomography results revealed
favorable union over the osteotomied sites, but the more
medial gutters with better reservation of the facet joints
were noted in the MEOLP group (Fig. 5)
Postoperative complications
The complication rates of both groups are shown in Table 4.
Axial neck pain was defined as a neck pain VAS score of 4
at 3 months postoperatively. The MEOLP group had smaller
ratios of axial neck pain, loss of lordosis, and loss of ROM
than the CEOLP group. The complication of C5 palsy was
noted in three patients (4.5%) of the MEOLP group, all of
whom recovered well after 3 months following surgery. No
case of C5 palsy was observed in the MEOLP group. There
were no cases of lamina reclosure in both groups.
Discussion
In this study, we modified the CEOLP by minimizing the
number of surgical dissections to reduce the complication
rate. A comparison of the JOA recovery rate and the
improved Nurick scores shows that both CEOLP and MEOLP
Figure 3 Postoperative wounds of (A) CEOLP and (B) MEOLP. Mean wound lengths of MEOLP and CEOLP are 5.3 cm and 7.7 cm,
respectively. CEOLP Z conventional expansive open-door laminoplasty; MEOLP Z modified expansive open-door laminoplasty.
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represents the spinal canal width, increased equally in both
groups and remained stable over 1 year, indicating that
MEOLP could provide a spinal canal enlargement effect that
is comparable with that obtained through CEOLP.
Axial neck pain is the most common problem following
laminoplasty. The incidence reported in the literature wasTable 2 Functional recovery of the two groups.
Functional
score
CEOLP
(mean  SD)
MEOLP
(mean  SD)
t value p
Preop JOA
score
10.0  3.0 9.9  2.8 0.056 0.955
Postop JOA
score
14.6  2.4 14.6  2.3 0.169 0.867
JOA recovery
rate
0.7  0.2 0.7  0.2 0.029 0.977
Preop Nurick
score
3.5  1.1 3.3  1.2 0.698 0.487
Postop Nurick
score
1.3  1.5 1.3  1.5 0.019 0.985
Postop VAS
(2 wk)
6.4  1.2 5.5  1.0 3.914 0.000*
Postop VAS
(3 mo)
3.1  2.3 2.1  1.6 2.547 0.013*
*p < 0.05.
CEOLP Z conventional expansive open-door laminoplasty;
JOA Z Japanese Orthopedic Association; MEOLP Z modified
expansive open-door laminoplasty; SD Z standard deviation;
VAS Z visual analog scale.30e60%.4 Yoshida et al15 indicated that by decreasing the
destruction of paraspinal muscle and reattaching both the
spinous process and the extensor musculature, the occur-
rence of muscle fibrosis and postoperative axial pain could
be decreased effectively. Takeuchi et al10 suggested that
failure to repair the SC could cause significant axial neck
pain and loss of lordosis. They showed that the opening
angle of the C2 spinous process is smaller in men than in
women, and the insertion width is narrower than the width
of the spinous process spacers that are used commonly in
laminoplasty studies using cadavers. In a prospective study
on reducing axial neck pain, Hosono et al16 showed that
preserving the C7 spinous process as the main insertion of
ligamentum nuchae was more crucial than preserving the
deep extensor musculature. The ratios of neck pain at early
and late stages were significantly less in a C3e6 lam-
inoplasty than in a C3e7 laminoplasty.17 Our modified
procedure involved preserving the unilateral paraspinal
musculature, reattaching the SC, and preserving the C7
spinous process. Furthermore, surgical results show signif-
icant improvements in postoperative neck pain at 2 weeks
and 3 months following surgery, and improved cervical
lordosis at 12 months following surgery.
The incidence of C5 nerve palsy in the literature6 is
approximately 4.7%. The cause of the palsy was multifac-
torial, showing that excessive expansion by laminoplasty
should be avoided to prevent the C5 nerve root from
becoming tented by a posterior shift of the spinal cord.
Spontaneous recovery of deltoid muscle power is expected,
but motor paralysis and pain in the upper extremity may
cause discomfort to patients for a long period. Creating
symmetrical gutters medially can decrease excessive C5
nerve root traction injury with the same effect of spinal
Table 3 Radiographic outcomes of the two groups.
Items CEOLP
(mean  SD)
MEOLP
(mean  SD)
t value p
Pavlov ratio
Preop 0.7  0.1 0.7  0.1 1.377 0.172
Postop 1 (d) 1.1  0.1 1.1  0.1 0.713 0.477
Postop 12 (mo) 1.1  0.1 1.1  0.1 0.423 0.673
Postop 12 (mo)epreop 0.5  0.0 0.5  0.1 0.092 0.927
Cervical curvature (degree)
Preop 10.9  8.9 14.0  10.7 1.498 0.137
Postop 3 (mo) 4.0  10.3 6.2  9.4 1.016 0.312
Postop 12 (mo) 5.7  8.9 10.0  9.5 2.129 0.036*
Postop 12 (mo)epreop 6.9  10.3 7.8  8.2 0.422 0.674
ROM (degree)
Preop 25.0  12.4 23.2  10.2 0.709 0.480
Postop 3 (mo) 14.0  7.6 15.5  6.9 0.970 0.334
Postop 12 (mo) 17.4  7.5 18.5  7.3 0.657 0.513
Postop 12 (mo)epreop 11.1  6.7 7.7  4.1 2.586 0.011*
*p < 0.05.
CEOLP Z conventional expansive open-door laminoplasty; MEOLP Z modified expansive open-door laminoplasty; ROM Z range of
motion; SD Z standard deviation.
1230 K.-T. Yeh et al.canal widening and cord decompression.18 According to
Fujiwara et al19, the transverse area of the spinal cord was
greatest at the C5 segment and the transverse diameter
was <14 mm. Therefore, gutters can be created onlyFigure 4 T2-weighted MRI of (AeC) conventional (A, B as coronal
coronal view; F as postoperative axial view) expansive open-door la
paraspinalmuscle (whitearrow)fibrosis isnoted in thepictureofmodifiapproximately 7 mm from the midline at both open and
hinge sides, which are more medial to the facet joints, to
adequately decompress the spinal cord. Other advantages
of cutting the edges medially include preventing excessiveview; C as postoperative axial view) and (DeF) modified (D, E as
minoplasty at 12 months pre-/postoperatively. Lesser right-side
edtechniquesafteroperation.MRIZmagnetic resonance imaging.
Figure 5 Axial computed tomography scans of (A) conventional and (B) modified expansive open-door laminoplasty at 6 months
postoperatively. Both pictures reveal hinge-side good union and well-positioned titanium miniplates and screws without any
loosening (black arrow). More medial gutter (white arrow) is noted in the picture of modified techniques.
Modified expansive open-door laminoplasty 1231violation of the facet joints. Overdissection of the lateral-
third aspect of the lateral mass can easily damage the
posterior ramus of the spinal nerve. This can cause para-
spinal muscle atrophy, which is a leading cause of axial
pain, kyphosis, and loss of ROM.20 In this study, we created
a more medial gutter and prevented violation of the facet
joints in the MEOLP procedure. Both these outcomes
contributed to zero incidences of C5 nerve palsy and a
significant improvement in the loss of ROM, compared with
the CEOLP outcomes.
The results of this study are limited because of the small
number of MEOLP cases with a short-term follow up and the
retrospective design. The method of measuring cervical
ROM is also one of our limitations due to the possibility of
estimation errors. Cervical movements are multidirectional
motions, but our radiographical outcome analysis of ROM
focused only on one plane. Rotational and lateral bending
motions were not estimated. In addition, the late effects of
muscle preservation on ROM and cervical curvature may
require a longer period of follow up.21,22 In future, we
intend to perform additional evaluations of this effective
procedure.Conclusion
MEOLP appears to be a minimally invasive and effective
surgical procedure for treating MCSM. The use of variousTable 4 Complication rates of the two groups.
Complication CEOLP MEOLP
Case of residual axial neck pain (%) 45 33.3
Case of C5 palsy (%) 4.5 0
Case of lamina reclosure (%) 0 0
Mean loss of lordotic angle (%) 26.3 19.6
Mean loss of ROM (%) 30 20
CEOLP Z conventional expansive open-door laminoplasty;
MEOLP Z modified expansive open-door laminoplasty;
ROM Z range of motion.methods to reduce the number of required surgical dis-
sections can reduce postoperative axial pain and loss of
ROM. The anticipated benefits of the modified procedure
include preservation of cervical lordosis and a decrease in
the incidence of postoperative C5 nerve palsy. Future
studies should include more patients and have a longer
postoperative follow-up period.References
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